espacenet — Bibliographic data 



1/2 ^-v 



ORGANIC ELECTROLUMINESCENT ELEMENT 



Publication number: 
Publication date: 
Inventor(s): 

Applicant(s): 

Classification: 
- international: 



European: 



Application number; 
Priority number(s): 



JP2003272860 (A) 
2003-09-26 

KIDO JUNJI; HAYASHI 
TAKESHI + 

KIDO JUNJI; INTERNA! MFG 
& ENGINEERING SER + 

C07C211/58; C07C211/61; 
C09K11/06; H01L51/50; 
H01L51/52; H05B33/10; 
H05B33/24; H01L51/56; 
C07C211/00; C09K11/06; 
H01L51/50; H05B33/10; 
H05B33/24; (IPC1- 
7): H05B33/10; H05B33/14; 
H05B33/22; H05B33/24 

C07C211/58; C07C211/61; 
C09K11/06; H01L51/50E8; 
H01L51/52D10 

JP20030070135 20030314 

JP20030070135 20030314; 
JP20020086599 20020326 



Also published as: 

1 JP3933591 (B2) 
n EP1351558 (A1) 
1 EP1351558 (B1) 
US2007182317 (A1) 
fiUS20031 89401 (A1) 

more » 



Abstract of JP 2003272860 (A) 

PROBLEM TO BE SOLVED: To 
provide an organic 
electroluminescent element with high 
brightness and long life. ; 
SOLUTION: The organic 
electroluminescent element 
comprises a transparent positive 
electrode 2, a negative electrode 5 
facing each other, and a plurality of 
light emitting units 3-1, 3-2.. .3-n. 
Respective light emitting units are 
separated by electron generating 
layers 4-1, 4-2, ...4-n composed of at 
least one layer. The electron 
generating layers are made to 
function as electric insulation layers 
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/K 2, 2-t';^ (4-v'-p- MJ/VT§y 7rc=. 
^U-) :/a/-?y, N, N, N' , N' -■ xb7-p-hy 

jU-4, 4' --:;'r 5 y t-7 3i::iyb, f;^ (4-v'-p 

-h])j^r?.yy=^=-j\^) yji=-juy^^>^ n, n' - 

4, 4' -i^T?/' tr73i=-'K N, N, N' , N' - 

■r h5 v'rn.r:/P-4, 4' - C^T 5 ^ = — /I^J^—X 

;K 4, 4' -t-;^ (i:/7 3i=.yi-r 5 /) KP^ 
4-N, N-i^7 3i=yUT5y- (2-5>73i 
ri;n;-=:7l^) ^V-eV, 3-j< h^v'-4' -N, N- 
i>-7 3;— /'I'T 5 V, N — 73;— 

y-yl^, 1, l-t'y^ (4-i>-p- MJT^y^i^ 
yw) -i/^D'^^iJ-y, 1, (4-v'-p-h 
y T 5 / - 4 -73::=:/l^v-i' n^^rf-V, tf 

(4-V?^5^/l'T$ y- 2-p<g^>'l'7:ii=-yl^) -y'a: 

nypji^iy, N, N, N-hP (p-bU/w) T?:^. 

4 - (v=- p-by;VT5/) -4' - [4 p - 
by/i'TS.y) ;xg^y/i'] n, n, n' , 

N'— r h773:n/P-4, 4 ' --i^T 5 - fcr7a: = 
>'l'N-7 3^=^/W*/W<y— yK 4, 4' -t';^ [N- 

(1—ryf-M -N-y :r.=./u-T^ "dyzsL^. 
4, 4' ' -t-;x [N- (1—^79^;!^) -N-7 

i=.yU-r$y] p-^ — 7a:r:.yK 4, 4' -\£7. 
[N- (3-T-fe-t-77"=-'U) -N-7ai::i/U-T5 



y] t''7 3i=:;i', 1, [N- (1— 

-N-73;=-yU-r$/] -fyi?!/^, 4, 4' - 1';^ 

[N- (9-rvM;/w) -N-7a:=/v-T5y] 

7 = =yK 4, 4' ■ -t-;^ [N- (l-TVhU/W) 

/I'-TSy] p-^ — 4, 4' 
[N- (2-7ai-^->- h y yl^) -N-73i=yb- 
T$y] IfVai^/K 4, 4' -if;^ [N- (S-^/W 

4, 4' -fy!. [N- (2-t°U=>'l') -N-73i->'l' 
-T5y] 1f73i=.yK 4, 4' [N- (2 — 5 

y _N-7a:=.;W-T5 y] f7 = =7K 4. 

4' -t'X [N- {\-=itii(-~=:-!V) -n-y 
T5y] 2, e-f;^ (i^-p-by/l-T 

5y) 2. a-f:^ [i^- (1— 

-'I') TXJi -ryi'\y>. 2, 6-fc';=^ [N- (1— f 

^g^/t-) -N- (2— :^7g^/^) T$y] -t-^^uv. 
4. 4' ' -tr;^ [N, N-i^' (2— T$ 
Jl 9 -y 4. 4' -tf;^ {N-^a^^/W-N 

- [4- (1— f-^f^yP) yx.-yl'] f7=: = 

4. 4' -b-X ;l^-N- {Z-\£\^=- 

/I') -T5y] tr7ai=yK 2, [n, N-i' 

(2-:^7^/^•) rsy] 7;^;^-^^, 4, 4' ' -f 
;^ (N, N-i^-p- MJyPT^y) iS'-^airiyK f 

;^ (N- 1 — ^■7^/1') (N- 2— t-7'3^;u) r5:>, 
[^b3] 




r'^fc'$tlS4. 4' -t-;:^ [N- (2—^-79^/1^) - 
N-73:=>'U-r$y'] t-73:-yP (a-NPD) , T 

[<k4l 





lite] 

6 

E L ^^-rof^fifittffl $ 1/ ^ ® t « ^jii: 

\>\ ±IH, a-NPD. ;^lfn-NPB, ;^tf0-TA 
DS.tJ«2 -TNAT Aii;^f 9 OlCm±-efe 

[0 0 15] *l§laco*slEL^^■ic*5l/^r. mMm^ 

* tv\ 

[0 0 16] 

(2ilHit±) #ftL, #IS3fe^--;/ 0x10' 
Q-cmjJ;^±, ff4U<{ll. OXlo'Q-cm«± 

[0017] ?ie3l5<0#^E L*^tt, H 1 t*1-J; 5 

*5i9. ItSffllii^tltnF (e ) , HtHi^i^b*--'!- (h 

^•f-tt, 0 2 t^i-J; 5 (-^ «lWlldfeJl}-J:o-cf±5]f5 

[0 0 18] *lSl3J©^«EL*^{^:^oV^■r, 

S^ffJfiSci-Sfi-fl-i LTtt, \mm^ 1 . 0 X 1 o'q 
■ cmJil,±, fi^*L<l±l. 0 X 1 o'o • cmiU±T- 



Wflir-fc 5 jis, *|g0J It s !«ff«±l ro*f «BSt 
iilE«J;5«-. ^''i5 2a®ro#i«®aift:Xf4S 

7 i>;*//i';<7 f";*- i 7 /I'T =-4- ^-^^ b 5 

t llg*-[B]--»i-5 :i i t J; D s iitei: 

[0 0 19] «riE«3j;5(-> «i^©*-7-c*3(t5l:?t 

|g*g{4, (a) ffe5Ty--'i'T$i^fb##li:, 

(b) ifTy-/i'T$>'-ft:-e-#)i:^^kit5cg:jS(;cj;or 

fcSo I13f±, t&ia® (a) (b) 

Mm^m-i^'m-Ru-^^~j^<r>^Wi^7r--tmmmx'-h 
5, Il4tt. ffilE© (a) (b) ggtJ^roii 
-g-ji t:' fo 5 (t 5 mn^mmi^nmm t m 

j±mmi^m-f?>m.i-R-a^^-f^(o^mi:7r=ir^mmx 

[0020] $ etc, ®i^3I^S*«fiK-f-5 2S«<75{t; 

rt:JS-e#5o 2aa(^fc-g-#i;55^tbm 

^Jlfi-C'ii, iS:! 8 0 0 ~ 2 0 0 0 n m£D5fi#^ffljttfS 

?l-g-)li-e(4. j£fi:800~2000n m©i£#^'K^ii*{C 

[0021] us (4. ry -ywT 5 -yit-^f^xh^ 2 - 

TNATA, a-NPD. ;^ fc°B -T ADS.tJ«J^ t°P - 
i?■^t;^■<-:f-v'!>i^^l, *a-T:'tt2S:tt8 00~2000nin 

«)jf ^^Jl-^ist If- ^' tr^ ^ *!/ ^^5, r y -/wr 5 v^b 

-g-tlt 5Kfb^<^i>'>At©?l-g-)lili, ifeft8 0 0~2 

mmw-^Mf^\^x\,^i>z.t^-mm-tz:iti^x'^i>. m 

6(t, 2-TNATAi4F-TCNQi©'?:tt-?'tLi^ffi 



PDtRe^O, (7mit2ly=-<y^.) (Dm-^mcov&^y^ 

~ 2 0 0 0 n m<7){4glc:|iaj$^T*3 n . *3SPJ#fe» 

fifeUTt,, «SlLfcElfM©#l-4^#5ri::6Si±i3|55„ 
[0 0 2 2] *^PJSCt3V>T^ r^jt:3.-y ^{4^ 

mm/?^itm/ (mm) . (mm) /*-^wiii^i/i8 
^s/m'f-m^M/ (mm) . (mm) /^-^L-aAS 

i;:j;o-rtt^p>tur. m» (2<@m±) #i£1-5t®-e 
[0 0 2 3] mmMPsPct LTii, -iis:e^(c(4tt*pa 

Mgs Ca^roT/l'*y±«^Jg. Eu^©#-±!® 

-t°>'^'"$^^fc*1tl&jlv^5t«)5S; (#PJ¥i 0-2 7 

0 17 1 -i-^fS, iifPji 2001-102175 •f-<ii$g# 

m^himmW- 1 1 -2 3 3 2 6 2 ^<2:fgS.-0^#BS 2 0 
00-18277 4-§-<i;:fR£0fi^Lfcfeff^&ffl Lt. 

{:iil7cL5 S^S. l»Jx.«. AK Zr, Ti, Si)fe 



[0 0 2 4] tfc, imaStt-Jisft LT(i. #l::$ijpgtt 

^<£<, 0"yx.}±\ I TO (^ i^V"^ • -t-rmim) . i 

[0 0 2 5] Sfc|lii:<*5SBJ#e>iSi|f||2 0 

0 1-1 4 2 6 7 2■^?^*«^^:|E«Lfc¥■^fe^ffiv^T I 

t J; o r 5 S-g-l* . Mai i: 10-270 

1 7 l-§-di;»-C'fBij$tLrv^5^S K-t°y^$tifc^ 
aSSrH^aASfJifflv^nfiWitw I TO-^ I Z oro J; 

\t.mz.. Wim^-^mti.xmm^mmnMt-ri>^t 

[0 0 2 6] *^PJroW^EL^^=■l4. Mi^i-SMm 

%=L=.yYii%\, 0 X 1 o''n • cm«±s ^!f*L<i4 

1 . 0 X 1 o°Q • crc.'ikk.nimmc^-thmM^^ 
t L< |■±■?:n&>mg^c:3g-|-51;^t?4A■<7^ffM'^i::ol,^ 

[0 0 2 7] gf UV^*■f■«3t^;t•t-53t^ll?)1®W^tE L 
#«^jto„ S-fs '^^*©^^tEL*^iC*3V^-t^4, 

(m) /#©jtj Tfe5ft^?i)45o±PStt. «tii±. 1 

(=10 0%) Xh^fclsi^ *^lK{cj;S^1iEL^^ 
(::*3V>r{4, a^±ro|5i^{i:^evv |Brsfe:^j:e,ii2(::^$ 

ttS^-zi- (h*) -aAli^lH^j^mwlBm^lB^ (fcL 
<(±HOMO. . . fti^ftirfi^I) i}^h(om^(om^^ 

m,i-m^h^\^m^fifz.m.i-\t.. mmmicm-hm^m 
^•ti>-^m.ii^i-mnmmm (*>L<i±LUMo. . . * 
f&mi^mm - 1 x-m^himwrn^w 

^m\^ii-ox^mhfiti^w±=^=-y vcom=f-m^ a 

(Sc) /S>OJti:^a$tLS) <7)^fP;!iS, 



[0 0 2 8] i>h^k^. L^^a. wm 

ox 1 o'q • cmiy,±. *f*L<ftl. 0 

xmi^-^f\^x\<^^\z.\>^t>h-f. '^w^mc\t.%^m.n^ 

«EL^^/!is» (nfi) , %m\^mk^ii1tt>(o:^t 

m^fl^Wm-T^ (Vn) <r>mi (V=V1+V2 + 
+ Vn) ■B-5*-r-t*V\ iiSoT, 

TT'WjgeEWjtt, 3g*;^=-;' hOic (n) 

\z.of\.xmm-^mtti^mt. *ig0^®*«EL«^ 

[0 0 2 9] ^Ht'i.tfOiob-f, *ISP^ro*aELI^T- 
14. «o*aiEL*^^i:ltiJLTVKo/a>®ffifi:ik^ 

g ic If (Stt^J L . «»S S:# 5 (e: \t'Sl.-mifi i-i^v ^lt 

L»^(i, ^aJx.^^nf&©»lt*RlfMa:»^t^-J^^-*3v^r# 

[0 0 3 0] :$:|gBJC0*^tEL*T-W|t11i:llS 

( j; 19 UttltMlJ-tt-d 2000A (200nm) fiiTT-fo 
o fc) . 2 5V iUT-efe 5 r i *:=FpI3S i: L 

x\,^fcm^m.^x^. «pjro#^tEL*-7^tt, 

«S*SEL^^i:ttM!te5#ft^=t-r5o (hu 
lEk o d a k#fF. #PJtlg 5 9-1 9 4 3 9 3-i-^4B, 
urease 3-2 6 4 6 9 2^<K:f|, #BS¥-2- 1 559 
*ll#fFm4, 5 3 9. 5 0 7-i-BJ^». H 
»4. 7 6 9, 2 9 2-i-BJIffl», lHl«4, 8 8 5, 2 1 



1 

i-*t)*>. *^BJ®:S-«EL*^{c:(4, miirBllIfJ¥o± 

*:BPJ©#«E L^^-©iJ^{±. n|iro?i3fe^=s' 
h trmW{-#?t i^^feBBMmE (turn o 

n Vo 1 t a g e) ^fcl&nftt/^D. tioTEif^ff 

[0 0 3 1] Sfc. 

©W1lEL*-f-fflij|^WfiJ,#,i: LTfi. *^-^*&©feP^ 
=-y ^L;5^:tL/^^/^^1iEL^^-t;■^4. ttHJfeaun.;/ h 

FBm)?^Wi/^©-t:\ M*&©mttAHST1-5 r i (4*> i: 
J; "3, *>2)#:t©IIJt3-=y H;!lSM^L.-tv^fci: LT 

&W4\ l|iii)«E:4SMI&LfcB3fe^=^-> 
[0 0 3 2] -trofiilfc, h y ^ ^«ji© 

'>f4, iai^igst{-j;5mjE^T^Sffi©t^±#^«e* 

^^11 E L *?-©^-g-ttt'<T:*v# < firi-t? t S :i i ^ 

mm'm£i-%M(omi-\nt^xM\'^z.t\-i. mm&i\^ 

X. 5 l;E|i$T^i-:6Si^^ I- $ if i^^ x. V ^ r t 
isMl. (5 VT-l 0 0 0 c d/m'cDSg^#?jtv5 
5 0 V-ei 0 0 0 c d/m'<D)Wft^#6>tb5 

^T-artbiRur. mmm.\^ii^xivom\mTti^ 
M.fz.m^<Dn^i&-r\z.mi-tBm-i:%m-i>tmx+^ 

EL*^^c:*3^^T^4. mmun. m^nomi^ft^^ 

fl^M^W.MU$^(0}tM^ (~1 o"'q ■ cm) 14, ^ 
MrotbffiK: ("--l o"°0 • cm) {::J;h-<r 2«TS*i^i/^ 

(;:#>5«£ (V) (t,L<(4li#E (V/cm) ) yiSfi 



[0 0 3 4] 4fc, :*iiPJt*3i-tS'a:iWls^Jl«Jtei7C 

(41. 0 X 1 o'q • cmgti, iif*L<(41. 0X1 

O'O • cmii^±t«ll«I(CI TO^eif®*«f4H-S 
(~1 o"'q • cm) J; "9 tttS;d^CiSv^«lg©tWSr 

[0 0 3 51 Il8i±, *MBJ©-*ltffi«t:-fo5lr«E 
L*^=-cD«S«5tSr^1-|»&^ifSlir-fe5„ ;tf7:=^Sffi 

(iliJf^Sift) l±ttt. Hit. |li*llHltr«^-t-53iBJ 
ttffi 2 , ^it^~ y h 3 - 1 , mWUftl 4 - 1 . ^% 

3-=yh3-2. S#31±M4-2 

l§^S4- (n-1) , MJfea-^s' b3-ni:St)iE$ 

(1) ©5*,. :«f7^« c-mmm ^mmurn 

@2,«3¥;3.= yh (3-n) (fc::^cLn=l, 2, 3 

) , mmmM5\-tWi-'ma:>^m-^-h<o . tm.m^i. 

0 X 1 o'fl ■ cm]>j,±(DmM,mim.\^(omM^^m 

(4-n. fcfc:Ln=l. 2. 3 ) (dioTttflb 

ixfcK^3t^=yh (3-n. fc:/£Ln = l, 2, 3- 

[00 3 6] 4fc. #SIE L*-?-{4, nW^Pt^n-o^ 

[0 0 3 7] ^Jx«, #fl?Wlg^feJi4-n;4^6,|^«;S:^ 
lR)}J:S-?ffiAtr-t-5^{c(4. #^¥1 0-2 7 0 1 7 1 

^'Am.'^mm 2001-10217 5-^<2rfR!c|l^P^tL 
J; 5 l;itl6^Ho^S«{-g-r5Si L-C, 

tli- 5 t OJS-^I /i^ b ^£ 5 AS * ^rt- 5 
tLfclffim±ro:&M;6»e>*5©^s^*LV\ ±E 



*«fk-g-ti!-*|-L-CO. 1-1 0-efeS®d5^if4 

TL*5„ ±IB0J;5'Sm-?-iiAl^*f5«^®«3fe 

-WM©^teV^mT•aA:4S*a^^^5, 

[0 0 3 8] Sfc. MJfc^^-y htt, ttl^MrtSro^g 

iS5nme;lT> if*U<{40. 2~5nmroS^^&*5 

m-^ftAl^^-rSftjS-efcoT'fi ::o)Iili[;aS5 

[0 0 3 9] *yt«ajx.«, «-l:i^^*14-n;i>b^m 

WJm^m.=^-'^^x-f^m^\■t. ^m^i 1-23326 

2^^^-^#r5i 2000-18277 4-§-<2;$g (^ftJj;?!* 
6 3 9 6 2 0 9 -^-BJIi*) mmkX : J . E 
ndo, T. Matsumoto, and J. Kid 
o, Jpn. J. Appl. Phys. Vol. 41 
(200 2) pp. L800-L803) \Z. (:^^0J# 

Pjtior) M^^^^^-C^/^^)«;■?•^SAltr, IWIS^Ji 

Aliir/i'* y^Ji-1':^>, T^v;*y±ii^M-f:*-i', 

W^m-Y;t>-^il7cf SBfti btt^fk^ttT, 1. 0 

X 1 o'q • cmJil±®itga&=ti-5»ttft;-&#)ic 
iiSc (CC-efl-^ i:tt*#:e<]{-ttl Onm 

BJ.Trollt)¥^«*L, f^fi515c^Sro)liJ¥;5Sl 0 nmtr 

TL*5o ) 

[0 0 4 0] */tf!ix.if±iEro ^-?rrogKf&^fe*JlJ t 

ffiffl$tLri,^5ryi'*y^M'f:*-v, T;ix*y±iS^M 
ft (ii#W¥l 1-2 3 3 2 6 2#^ffi-^iitM¥2 0 00 



- 1 8 2 7 7 4^-&m i^tm^tix\,^z^m^m^{!^ 

m^:tiy t-^^-r S ^^#3-^/^ o y >-'ft:ti r- fe o r J: 
T't J;v>. 

[0 0 4 1] ^ eS-, ±IE®#P3B¥1 0-270171 
■^ii$g^#l 2001-10217 5^<ikn. #ll¥l 
1-2 3 3 26 2-^<&f&-^iI#|i 2000-182774 

•^^S (>itJS3K:ll#fFm6 3 9 6 2 0 9 -^PJffl*) 

*-f #M¥ 1 0-2 7 0 1 7 1 ■§-<i!t«^#P 2 

001-102175 CO^l F-fV^'Ii^BfSllil?^- 

1-2 3 3 2 6 2#^at*-^#^ 2000-182774 

v\ ^(Dm^£s m-^j:^^4-y<Dm^-&.x mm) isrs 

2002-27365 6 -f-B^ijirtirpifffltlH LTfc 5„ 

mmrn^M {(Dmum) im-r^oit 

[0 0 4 2] *fc^J;t(S. #«;#|g:tJl4-n;5^e)»m 

ffi:;^iRi['*-/vaAi-5i^{c«, *^?^«-ej:asi|#BB¥i 

1-251067 -i-^itS-^iltli 2001-244079 
«) >6S K-y$nfc*--'i'aA^*mW^:tl©»ttffl!l 
ro;fev^*->'^aA«r*m1-•5:li:;as-t?#So ^ibJc, m 

lllli:tt3 0 nmB;Ti:-r50AS$f*L<. 0. 5 
~3 0 nm<D|Slli:i-5(D;JS»*LV''„ Mff;iS3 0nm 

sr@x.5t, ^(Dmrnmim^pi^xL^o tmmc^ r 

fc^ft-tsrir-, *^tr^$*{cf s;iit*at.nr 

[0 0 4 3] m.'f-^mmh^m o^^ :^m{t-^m) t u 
-tit. #tfl^lJPItt/^v^^s, mpLit. m.im2m. mt^ 



i>., 3 t^fb'Ov'l^i-, 5:SftT>-9^^y, 5y-yitWc 
3 7 5/{bffl*^©«1t{b^ft^DDQ (i>'>Ty- 

i^^'nndr/V) s TNF ( b y = h a ^yP^f-U/ 
>-) . TCN,Q (x h7v-Ty^y v'^c?^) . 4F- 
TCNQ (,=rVyyj^^:tx2-7-Yy'yr J^J''J;^i> 

AJfif ffl^til'fh-^tiirm^^S^f^^b^ti ( h'-^<y hit 

■a-ft) ro^/wjt^tt, tmit-^mcMi^xo. oi~i 

0(^i®ia'T?fe5ro;as^(j.^bv\ K-''-?i' hrott^/jso. 

0 1*S-efc5t h-~y<:^hl^i:<omit^fitzi^^ iSX 
T. @S{b^^T-i:f*-r5ri;iSfeS) ©)i^;asfiiif\ K 

(om'p'Ami>miSK{&T-r^(DX\ K-f:^^©sti*'fc 

[0 0 4 4] m#3i4;lt:?i^^i-5Wwtt« 

±-imMm±m(Dm^mmt Lxmm-t^m^hhi,. 

[0 0 4 5] *3&BJiC^V>5ai3fe^=S' hfc*3l'^T, It 
Ji-^*-/w-aAJi^&;S1-5Ci:'b-X?t5= t*>6A/, 

?«e*©*-itE L^^fdftffl ^n-ctfcm^-stAJi-^*'- 

/I'ffi Al ^ © t * $T-3i 1- S r t ;4S T? ^ 5 o 
[0 04 6] *^BJ®1-«E L*^©fii4KB#^l(i, 

ii#M2 001-15336 7-§-BJ|Pl#fc*3V>-CS^Lfc 

19 1 0 0 yoicifi-Sfta r i a^x^ 

[0 0 4 7] *^D!©^^EL^^^«)t-f-5*" 

x^mmim^(^mm'Wi«i:im-r^Wi-tit. mm^m 

(-J;o-c, (^*Jg^-©{b^!i^;6^b©M(i^©Jlia-t?) 
fes©-r'?£«tr^f5o p^^^s/^yv^fe^ftffl 



fJx.«, fi)f:tEg«lPiT-c>?t-[p]iaSLfc-»(D^-<y-5/ h 

^^9-fv\-^-^^<v9mm. (#lffi2 0 0 1-1 4 2 

6 7 2-f-0jiiiiii»#!i) tr, *iiBjromw^*Jiro?i^fiS;t 

[0 0 4 8] Sfc. Ktg±tfiS<;lli^tu5^T(DJilr, ^ 
{iJ3v>-rW1-S i: J; 19 a{t:xf4# 

^•feicioTfiiciii-rsct^s-e^s (#P2ooi-i 

5 3 3 6 7 ^WMm^W) 0 

[0 0 4 9] ^fc, *|gPJ!«^ffiE L^^ii. tiiJfeCi*- 

1i E L i: {iM^ie 19 ^ |gjt{i(:ffi;^s t t tJ^t' ^^-ill LT 

(;iX (2n-l) /4, fc^fL, n=l, 2, 
3 ) -e&SNF(-*tii«^*®l63t»^#Swi:!!iS 

IS:^$tL-ti/^5ri:;4S^<, ^HEiit^lSll^JK fig 

10 0 5 0] Lyii^U *^?^#6>f4, Sirffl©1#P2 0 0 

1 - 1 0 2 1 7 5#^«(::t3V^T, 3tEM^ft5c:igf5 

< f£^iz.-oixxT»i^mmmic^£ X) . fell (o^ 1} , 

fco ^«;^aAJiro3fe^JiJ¥:iSl/4jafi: 

<^lll&#icft (IX (2n-l) /4, fcfcL. n = l, 
2, 3 ) t^:S$tb-ri/-'-CniC}65;k:#<*Si, |g 

(2n) /4, fc;eL, n=l. 2, 3 ) fr^^$ 



[0 0 5 1] r<©J;5^<^JIt>Lv^K^7'£)lIff 

mtLxmm^^?):^ti)immti\t. mit=f»^mm 
{i, ^BLMmmii^^mm.mx'h^m^immm^m'^ti 

lg|lliilBl:&l*lJ::#it-t-54-*< i: 1.-1:^5^ 
[0 0 5 2] Sfc. Tia^Jte^Ji-^L/tJ; *:^BJ 

[0 0 5 3] 

[^ii0i] iikTicm&mi:mt,-fx^mm^^hi,mm\z 

ri^S. TKfaSlll^lr^JlLfclsglll^-^-CRTM- 
8 0 0 0 (ULVAC (H^K^atTii) M) ^^Jl b 

fc, sfc. fifeSim««l!iJi:coiij:£ic(4, xi'='-/^ 

(T e n c o r ) ttffiP 1 0 jtt*f5tg:Mtt*fflt/^fc„ ^ 

^rolfttfPffittt^ '!r-:;^U- (KEITHLEY) ti: 
y— ^ 2 4 0 0. h-:f='yBM-8m&s\-^&.M 

ffit-O. 2 V/2?:!--©*i]-g--tr;^x5'7°^^(rBlJ0LT, « 
BE±#i#^roS|g:&t)?l:Wit»jjELfc„ EL 
y^^^ hMi. h-i5';=^PMA- 1 l:f7°5^;*yw 

[00 54] SWJ 1 (iS5fe®=fraE L^^ COf-^fiJ?!!- 

<D^r1tEL*^&TE©J;5(-L-rfmLfco 

m 1 ittt, gPJKlSti 2 t Lr . v— hiSfet 2 0 Q 

/□«Di TO (-f • -t-rmim. mm^itm:^ 



^40 CHlO© (b) ] «rifhLT*-/Hl^itt«r*1- 
5Q!-NPDtrl0"'tor r T-t? 2 A/#(D^#5tS 

IBS; : 

[{k7] 




S3fefe^T?fe5^-^ y ymmPf mSi^ : C S 4 S T 
(KODAKl=±g) ] Sr, ::oS3fe-fe*;as i a:s%<73S 
« i: ^£ 5 j; 5 ©^«aatrSS UT 4 0 0 AwJl 




X'7r^^ti^^<y^-y^^ yt^R-^i^^j^ (cs) 

^UtT' 1 : 1 i: S J; 5 0^«jSSSrPS LT 2 

0 OA©)f:^!::)t)liLfco Itg«g5 i LT^tE 
fi&lliffl^S-v;:^^ 4 1 CillOO (c) #fiS] trr^LT 
A 1 &^»jSSl 0 A/#T?i 0 0 0Ac0Ji:$(;:^»U 

iWXSICioTISJfeffittfl, SSO. 2 cm. ^ 
0. 2 cmOmM^^'iktttZ CUlO© (d) 0 

-efeSAl icoPBlt. Ii:»ft«BE^TOPL-C, ?E^m (A 

1 q : C 5 4 5 TO*^*Ji) ;i)^e>ro&fe^3fe<0»#tt 
^i!l*L;fc„ 1212 1, 112 2StJ'lil2 StOOT'n y h 

l±, (^sfi^ill) w»?it^(cd/m 

') -mjE (V) ftgS^ejg (mA/cm') -HE 

(V) mt. (c a /a) -sjtss (mA/ 

cm') tr^-r^^77-t?fe5„ rro^^co^JtW 

Ml;JIil2. 2Vt?foofc„ 
[0 0 5 5] SWil 2 (tS*<7)^-1tE L^^ ®{f$a0IJ- 

5i5©*1iEL*T-trSW!ll i|sl«tTfBOj;5(-Lr 
fffiLfco :^f7;^Mi±(::tt, ^SSBJfl;ffi2i:L 
T, Mfitt2 0 Q/D© I TO {'f Vv^'i'i^ • "TT 

a-bStlTlz-'S en 10 CD (a) #flg) o ^<0±.liZ^ 



Ums^mfS^m-^:^^ 4 0 CUlO© (b) ] Sr^^^LT 
/'l'^B*tt^^1-5;=^I::°D-NPBt; 1 o"°t o r r 

TT', 2 A/#ro^«aK-e 8 0 0 Arojp § (c^Bi l 
a ©it, m±m lot utties: : 




T-^$tb5;^fc:°n-DP VB i 2A/#©^»iiJS 

T-4 0 oA®J¥$c^l*Ufc, *fria^*gioro 

i-icmmmi kmmi^. ^SK-fvi^ii^aAii i 

iLT, ^'5y;5'yp-i':/i:^J|-k->!>A (Cs) Sr^/i^ 
Jt-^1 : li:!teSj;5{-«->^©ig«j*iStrliSLT2 0 

oAroJSStfiglRLfco ^SIEfjis t LTItHfiS; 

4 1 CUlO© (c) mm ^^i^xa 
1 ^^«3iJSi oA/#-ei 0 ooA(Dm^m^L±o 

rroiS{c:J;-D-r3i3tM*S«4i^O. 2 cm, «0. 2c 

mCDlEljJfmtfj:^ [HlO© (d) mM) o n^btltc 

mmm2) <r>m%^^'!^ h/i^^m 70^^};::^ 
obmmnMxhhKx tnm^. Mmii^TOPt 

T, IgJfcllO (Xh'o-DPVB i ) ;!)^ b ©WfelSJfe 
©»#14Sray^Lfc„ 1212 4, 112 5S.t>'ll2 eifioO 

T'nyhfi, ^ici^ia,. (£Si«sj2) ©W* 

(cd/m") -IE (V) iittt, m^l^^^ (mA/c 
m') -UE (V) i|#f±, (c d/A) -Sas 

(mA/cm') ^Tfi-t^yyX^^^ Z<D^^(D 

[0 0 5 6] 3 (tS*©^1iE L*^©{1s»M- 

*#,ii^^^©<?ij) m 2t,T^Lfcaji«it^*f 

3Sro#«E L«^-?:3iii^J 1 1 ll»(c:Tia© J; 5 1 L-t 

ifmLfz, ;y~7;^S«l±(c(±, Bi11SBJ«;tl2i;L 
T, i^-hfifeL2 OQ/D©I TO • "f-f 

SJ-f^, teffiT-tt«:^^'«s'^'l^«fp) yiSfffe^-'^-vt:: 

^■-h^tl.TV^S [EllO© (a) #M] o ^©±t* 

^#ififi;mffl^K-^:=^^' 4 0 cmo© (b) ] SrifhLT 

^mittt^^i-f-S a-NPD^ 1 0-6torrT 
T', 2A/8>©^«5t*t?7 0 OAoJf^tfifettLT, 

©±C, ^ifeJl 1 3 t LTA 1 q i, ^s&.^^m^'&m 
-C'fcSDCJTB (KODAKfifi) ::©^*fe* 

z>5 1 fi»%©?iS i /.e 5 J; 5 t ©ss«3ig trPS L 
T4 0 oA©J¥^«llibfc„ ^{c, IfilBllJfell 3± 
tSiil?!) 1 ipliif-, K- t-vi'WaAH i 4 i 
Lt, ^<y^'7°n^ Vt^g-feVi/A (Cs) ^^jHt 
XI : 1 i^i5J:5i::=&'^©^*5ifttrliliLr2 0 0 



1 Cmo© (c) #M] ^dtLXAl 
?rS^*jtS 1 0 A/#T- 1 0 0 0 Aroff^^^Lfco r 

©lStJ:oT|g*;M«ffi«0. 2cm, ItO. 2cm 
<^jE*-?F$^)^i:^j:5 Cmo© (d) #!f,] „ 

iF mm&i3) (DWJtT.^i' byi'^iai 7(i«^-e* 

(A 1 q : DC J TB©*^«1) 

+ -7°n.>'hi4, -^rtl-^tt, (£?i^j3) ©iffigf 

(cd/m') -«E (V) Wm^A (mA/c 

m') -Sff (V) #14, mi5lc«l* (cd/A) 
(mA/cm') SrS^-t:i^7 7T*fe5o 

is^M*&m£Ett 2 . 2v-efeofc„ 

[0 0 5 7] (S^ii^Ji^isv^o, (5^{t:;/^ 

Sit-tSo Siif^iji i:[Rii:iiii#-c\ [iiioci(a)] 
«fe^Kffl^JR-=i';^^4 0 [010© (b) ] S^:^^L 

PD^eOOA, Alq:C545T=100: inM 

^4 0 OA, ^^y^zT'P'i'vi^Jll-fevi^A (cs) ffl 

S^1^2 0 OAroJf^Wl^/SIIIbfco sfiia^ 

( 5 m\ty^-f'J t> i>. ) , ^Ili3t« 2 A/#-t:- 1 0 0 A 
•^;^^4o [010® (b) ] *ift-Lrj3!i)!iLfc„ 

*"1Stlfifei!iffl:^m-^^^ 4 0 CillOiZ) (b) 3 (D 

-2Sr^felllLfco ■ffit'hs a-NPD*600A, A 
lq:C545T= 100:1 (fiitt) W]iSr4 0 0 

A, /■<yi>7°C3-l' V'i^S-fev'f^.i. (Cs) ©ji-g-ii^ 
2 0oA®J¥^{t, l««>:fifeJ^Lfco ftmJ-s ^mU5 

tx^xmn^B^'^m-^y^i' cmo® cc) ] ^ 

:^^ LX, A 1 ^S*itft 1 0 k/^X 1 0 0 0 AWJfl^ 

cmo© (d) ] {;::*L5t^-?^-v^*-t- 

5«EL*^-^#fc„ ^rMK^-oxm^mm-m 

0. 2cm, IfO. 2 cm®iE:^ff$^i:?iofc„ 

1tEL*^-}c:fcv^-t, IStlllli-t?fcS I TOi^ga® 
r-fe5Ai iwMt, ii[?iiiffi^WiipuT, (a 

1 q : C 5 4 5 T®*»S) ;4^b®gfe|g5fc®^#tt 
*iJ:£Lfc„ 112 1, 112 2 510^02 3^1® □•/oy h 
tt^tum, rro^^ («#!ll) ®iWl£ (cd/ 

m') -miE (V) i|tt4, «»1e^'S (mA/c ml -1; 

EE (V) •mk. mM%m (cd/A) -Wikm^ (mA 

/cm') SrSi-y9 7-r'feS„ C:®*^ ®l65fcliM«; 
mtA. 4Vt?fe!3, S^|?ljl®*^®*,j: 5 if2«® 



#iji®#iiEL^^-i:jt'<T, *ismi;Eai* (m^rn 

S-7-^^) 2fgig<{C±#<|nI±bfc„ r.®*i^ 

(^ffiWl) II, S^-fb^-^^J-v'l^A (V^op i*-/!^ 
V^5 (V^Oj'+a-NPD*) t%;tbtt, Btt-fb/^-f 

(v,op It a-NPDl®#S:is^#|g^® 
i:U-C4iHlLTV^S„ #&tufc^^-®|g3fe;^-^i' h/i-^ 
11 1 6 ^3fe;^-<^ h/i'trft^-t-St, £ 

?Pf!!l ®;='.^^' h;i^i:iiiS-ifeLfc;as, h7W®i|i 

o®|git^=:y h®rt, §SltfiS<;IIiUfc|g3t3.= J- h 3 
t, li:SStE;^|6]irJfeM$tLfcli3ti:®fiLtldnitS-ifc 

[0 0 5 8] nii^iij 2 mm^^mt^^msi(r>m-^hm 

r®^li^J-e(±, m 4irsxi-aiSit^:t-t5*^0J 

®*aEL*-f-^M5ii-5„ mmntmmmz.. 

CEIlO® (a) ] t:^LfcElf*^-«^'->'(C3- h^H 

rv^5 I TO±{'^afeij*iliffl:fell-v;^^'4 0 cmo 

® (b) ) ^irt-LT, 3S3fe=-=y h3-llrfiicllLfc, 
i-J^Cfo-^, o!-NPDiSr7 0 0A, (A 1 q : C 5 4 5 

T=l 0 0 : 1) ®J1^4 0 OA, ^^V ^■fXJy^Vh'k. 

m-fe->'>-i. (Cs) ®rl^Ji^2 0 0 A®J?:^Wiilfc)t 
IlILfc. SulE^S K-t°>jy-Jl®±(c:'i;#|l±l 
4 - 1 t LT, TIEit : 
[^kl 0] 

F F 




■T;'S$:tLS4F-TCNQ ^1*111*^ 1 A/#-T? 2 0 A 
®^$(-J5jclliL-fc„ 2-TNATA (^■=;>' K- 

{k^ffi ^^Hjifi 1 k/%X 5 0 A® Jl $ tfigJi L 

fc. i:®l:«^^S^i*a«^ffl4kJg-^;=^^4 0 CH 

lOro (b) ) lr^Lr^S;ljlLfc„ *1S!|^j5jc)liffl 
:&JS-^:^^4 0 CHlO® (b) ] ®**, Hfias®Xg 
^ 5 -S^ 9 51 LT^*^= y b 3 - 2 Sr^tt Lfco 
i-J^fcit), o!-NPD^7 0 0A, (Alq:C54 5 
T=l 0 0 : 1) ®g*4 0 OA, Ay^-7°D-r>-i:^ 

Jg-fei/!>J>, (Cs) o?l^Str2 0 0A®e:$c, 

^jiLfco ^mmm^ hi^xwrnrnM^m-^ 

y^^4 1 cmo® (c) ] S^^/^L-C, Al^m^MA 
1 0 A/g>-trl 0 0 0 A®Ji:$C^^L, CHio® 
(d) ] t^Lfc^N-^-V^^-rs^EL^^SrW 

fc„ »XS}:iJ:oT|g5te««tt«0. 2 cm, «0. 2 



UWMX'h^ I TOtmUWMX'h^A 1 tomK, it 

MBE^fPttbT, (A 1 q : C 5 4 5 Tro« 

#1) :i-&®3t#.IS7fe©it#tt*iiJ:tLfco 112 1. n 
2 2S.t]«|l2 3t>ro + -7°P y M4^ti-?:'tL, r©^-^ 

(^il01j2) roi®^ (c d/m) -WE (V) 

(mA/cm') -mjl (V)^i|#tt, mBl?«!l^ 

(cd/A) -m»S^S (mA/cm') ^S^fi!^7 7 

ife-efe 5 4 F - T C N Q t *-/l-^®ttT D -/I'T 5 V 

#:^ffML-Cl/^St#X.fctuSro-e (4F-TCNQ" 
+ 2-TNATA*) . 4F-TCNQli; 2-TNA 

r.ro^-?-e(4Jf*= 3 0c d/m' (lt)t^S= 0. 1 
2mA/ cm') SAA^b^^'i' l-lisiEai^/i^T^^-aT U 
m«^*:a5o. lmA/cm'sS£iTro«S 
HT^tufi, *i*ilifl!ta45-e 2 5 . 6cd/Ai:V^5. 

[0 0 5 9] ^Jfe0lj3 (21Iil©^3fc^=s/ hOD^3t:^-« 

i±t«. mmmmmM2tLx. ->-bfiin2 0Q/ 
I TO (-r >'i>e'i=. • ■f-tmim. M^its^/-? 

oco (a) o -ttoiA^b. m$m2 tm\:-mmx' 
■^mm^mm'k^-^^^ AO ciaio© (b) j ^^^m. 

■r*;-/l'tt5lH4^*-r5BUIB<?3;^li"n-NPB (GOV 

I ON%hil) ^ 1 0"% o r r TX\ 2 A/fi!>ro^»ii 
8 0 0k(OW-^\^^m\^X. ^it=^=-y h 3-1® 

|g3t^= y b 3 - 1 ©#fe^3tl h LTWISO;^ tf 

P-DPVBi (COVIONttS^) t:, 2A/#©^ 

^>'i:^Jg-fe5'!J'-fc. (Cs) o?l-^B^2 0 0 AOD)?^ 
(ciS^LfCo llil^ll 1 i: P] C < , m?^3S4li 4 - 

A/#-e 1 0 0 A©ji ^ icfigm ufco r. (omm^^m % 

*1i«Jiffl;^Ji-^:^^'4 0 [mow (b) ] Sr^L 

iLT, »»J3 i:|li:< a-NPD^7 0 0 A(DJi:$ 
fc^BiU. *fe^3feli:LrAl qt, 

*l:5tfe*-efe5DC J TB [KODAKttM] r 

1 t J; 5 

gS:IiSL-t4 0 0 A©Ji:$t)5S;liiLfc„ ^f^t. SSi 
0iJi:llD</^y^yn^'i^i^Jg-fee/t>A (Cs) ©?1 

■g-@tr2 0 oAroii^t^KLfco ft^f-. mnwmb 



t\.xwM^Mm^m-^:^i> Ai [mo© (c) # 

Sr^LT, A 1 1 0 K/^i>X 1 0 0 0 A 

©)i:^^»ufc„ :L(r>rM\^i.<>xm%mmmo. 2 

cm. :|t0. 2 cm©IE:5&?FJ^i:/ie5 (HIO© (d) 

h^i-^m yt^li-es^-To r©*aiEL^^t*3v^ 
fes I TO t^WMMxh^ A 1 troPpl 

itflfc«E^M0Lfci:r5. 2o©?lJtl^^b©# 

fc*^ (113 9 (b) ) ©^mffi^*-r¥*^is! 3 9 

(a) t^-f„ *-7-©^il#ttlrSiJ:£Lfco 0 2 4, 112 
5S.t>'ll2 6^'©n7°PS/ btt^tim. r©*^- (S 

5p«aj3) ©i»g (^c d/m) -mjE (V) iittt. mm 

mm (mA/cm') -mE (V)_^i|#tt. SSI» (c 

d/A) -mat^g (mA/cm') ^Tfk-ti^yyXh 
5„ r©»^-©3g3feW6«ffitt4. 8V-efcofc„ 
"9, »ii0!l2ro*^ (2. 6V) tSWa©^^ 

(2. 2V) ©ll7fer3i*rai±©fni/j:ort/^5„ tfc, 

r®*^- (^js^j3) (DiM-^tmmmi tmmiiz.. sm 
(v,o,) t^s-j\^mmm'^l-xhir}) 

npd') i:%x.e>tb, 5mit^<-rv'^-i^ ivfi,) m 

So 

I0 0 6 0]^Ji^j4 (.3m<om±=^=-'y h^^L. 

^ftji{ki-s*^) 

^.©^It^JXtt. HI 8(c:^i-a)i«^t^*-f-53ts|SBJ! 
®*11E L^^-?r«jtf 5o S«Sr3ttffl*LT, ^ti 

^fiommi^mmm 1 1 m ciib#-^, cm 0 © 

(a) ) {cs5ufc@TS^<^'-vjc=i- ^§^^Tv^^, I T 
o±imm^i^mm'km-^:^^ 4 0 cmo® cb) ] 

&i^Lr, Hit^-S^ h 3- 1 SrfiislliLfco 1-/^^5%. 
a-NPD^700A, Al q : C545T=100 : 

l©g^6 0 0A, /^y^'T'P'f >t^||-fe->i?J=> (C 

s) ©M^Stri 0 oA©9:$aiii»fe> 3 ftroSfeicjt 
fliLfco ttlE^MK-tfv^l©±(j:m«41 

4-li:LT, V,©^ (5@tft;/-<-t-v?!>i>,) figlljt 

g 2 A/^-f 3 0 0 A©!?: $ icmm Lfco c ©misiE 
m-h^m^os&mm'km^^^ 4 0 (mo© cb) ] ^ 
^ur^iRLfco JJcfd, *««»ffl^M-^;^i!'4 0 

[010© (b) 3 ©**. iliifiroxSIrt^ 
LXm^^=- ?/ h 3 - 2 , h 3 - 3 ^|lRi<k 

*-f)3tEMItft*-C-©7fe^W)lII»©M^#*Sffli-i 
#Ile^^ra-NPD/!l^blS)5i(;$^^5*->'^iil5iJi 
©ilSJ?^3 0 0A, 5 0 0A. 7 0 0 A©3flia};!:^9i-t 



3tt®SteS-^ti-?tUa-NPD^3 0 0 A, 50 0 
A, 700A. Alq:C545T=100:l (MM 
it) (DM^GOOA. ^^y^T'n-i'Vtr^M-fei^l?-^ 

(c s) 1 0 0 AroJi:^ idii^JcfifeBlLT, m 

%=.=. yYz-2 ^jtm ^^^.^izmMm^m a- 2k 

#r'3 0 0Aroji:^tj*flILfco -eb-cb^-itMlBy 

n-fe;:^4rS'9iiL/c„ f^^fci-tj, a-NPD^3 0 0 
A, 500 A, 700A, Alq:C545T=10 
0 : 1 (fifiJt) ©1^6 0 OA, ^<yi7-:fti^l^t^ 
mti^^J'' (Cs) roJS^l^l 0 0 AroJJ^tcliift;)^ 

mti 5 k LTitSfiStiSffl^s-^^ iJ- 4 1 cm 1 0 o 

(c) ] S::^^LT, Al^^«aAl 0A/#r-l 0 0 

0 A©Ji:$}c^t^L. mi 0(D id) ] icmLfz^<-^ 

ffliS(*«0. 2 cm, itO. 2 cmiDIEi-Jgtfit^io 

fc„ r.®*«EL*^fc*5V^-C, ^SSffiT-feSITO 

(A 1 q : C 5 4 5 T<D^m^M) t^hOB^m 
*©»#tt*a9feUfc„ 112 7, 112 8S.TJ5I2I2 9"f>® 

o, +7°nyh(4^Hm, Hfiiaci3ai!S©)]ijf:^ 
*-r5»^(?3itijs (c d/m) -mm (v) m 

(mA/cm") -SJl (V) #tt, 
(cd/A) -miSfc^g (mA/cm') ^^-Ti^y^ 

X'h^. 1212 Qi'S^^tiSffli?, ssiiconiff^ 
*-t5*ti-€tu©^^-©«B£Si45 (cd/A) i4:^t< 
0 , yb3-2. 3-3 ro*-/Ix«iillJi)li 

Jf/JS? 0 0 A©'tj©ilftiii4 8 c d/A^®X.5SBft$(! 

m^^hmz.-■)s. ^%=^=-y\-s-2, 3-30*- 

-'W^iiSWJ?*^ 300 A, 500AOT'bro(*18cd/ 

A, 2 8 c d/Am&(0{t.LM^-hi\.f£i^'otz. 
-yYZ-2, 3 - 3 ©^-yu^tSJDliJfl^iS 7 0 0 A© 
^^{4, ^iil3g3t3-=.5/ bSfc?)*^ 1 6 c d/A (4 8 

cd/A-^3) tttSLrfeD, ^r<^ (3^®) igafe 

jiLg;5^e>3tsw«is-c-fo5A 1 itssT-rojfe^ntif m 

^f&, f**^*., *«•^ro#^{4Al»fi{;l3ficv^:^A>t. 

IS3feigftC0 1/'4iSft, 3/4jSft, 5/4?S«iC?io 

4fc**jte^j (««s^j4) ^x-mhMz.m'f-o^x, ft 

i*o«»{cai^ (4 8 c d/A) ■^^■t^^i-(om%y^^ 

k<D]AM(Ofzt>. HI 6it*>^$tl.rv^5 
[0 0 6 1 ] Ilffi0ij5 {2m(Dm%^=-y V(0?t%7.^ 

m 



irov^O, (5^fk^<-:>-i>'j7i>,) ^:^^LrOTL:fc/55, 
:iiT-{443fc^=-s/ h 3 - 1 (75W-#.|S3fef5ig;i^t.7feKM 

h3-2©Q;-NPD;5^?3«frij$ti.5* 
— /I'WtiiSrofliJP^S 0 0 A, 500 A, 700 A® 3 

ass't3itrK3«S(Z)Sfic/5g)iiL-r, m^ihrnm^ 

113 0, [13 i:sLt;«ii3 2t©n, +, 07°D5/i>tt^ 
tL^-ti, rrossiiroiiJf^^i-s^-^wj^-S (cd/ 

m') -«JE (V) SBlt^£-J* (mA/cm') -S 

S. (V) (c d/A) (mA 

/cm') ^^-f-^^^-cfoSo (Hite 

^!i5) ®3fli«(Z)*^®Mit^'<^ hJi^%:m2 Oiz^ 
i-„ US 2lc:^^tiSiiD, S^iS3S«©^if:t:*f 

5-?:Hm®*^®llfll^^ (cd/A) i4:k:#<S7ie 
D , ISJfe^- h 3 - 2 ©*-;^i!ii*Jil!f J¥;OS 7 0 0 A 

®t>ci}±, SiSs c d/A^mx.^mmjimm^btitc 

^3t3-= y h 3 - 2 o^-yi'liSDlJilSjis 3 0 0 
A, 5 0 0 A(7?tCii±6. 5 cd/A, 4cd/Aajt 

tti^lKff^s 7 0 0 A®«^ }4, Wfe^atws-efcs 
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